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Description 

Technical field 

This application relates to a method for imparting non-fugitive antimicrobial activity to an article of 
5 manufacture by forming the article from acrylic polymer fibers or fabrics. 

Background 

it is known that antimicrobial chemical agents can be spun into or topically applied to synthetic fibers. 
However, topical treatments are readily subjected to surface abrasion and eventually removed from the 

'o fiber. Additives are fugitive and after a limited number of wash and wear cycles the chemical agent can be 
depleted and the antimicrobial protection lost. A key uncertainty in these approaches is the additive level. 
The amount of additive needed to provide desired end use properties will depend upon the lifetime of the 
final product, the degree of blending with other fibers, the frequency of wash-and-wear cycles and the 
degree of abrasion during normal usage. The combination of these factors could require excessive additive 

»s levels which become prohibitive both economically and technically. 

The main problem with the spun in approach as shown for example in CH— A5— 570 407 is the toxicity 
of the additive. In certain end uses such as children's garments, medical products and intimate apparel, 
fugitive additives could have potentially toxic effects. Also, many synthetic fiber processes require elevated 
temperatures for extended periods of time or make use of exotic solvents under heat and pressure which 

20 could lead to unwanted side reactions of the additives that produce toxic by-products (e.g., dioxins), 
corrosive species (e.g., chlorides) and/or eliminate the additive's antimicrobial activity. This would result in 
production, handling and disposal problems and would require additional technologies to safely produce 
the fiber. 

Surfa ce-bonded, a| koxysilane quaternary-ammonium chlorides provide antimicrobial fiber protection. 

25 The bioactive quaternary-ammonium alkoxysilane is applied onto the fiber or final product from a 
methanol finish solution, and bonded to the surface by hydrolysis and condensation of the alkoxysilane 
with hydroxyl groups of the fiber. But in the case of acrylic, polyester, nylon and other fibers which are 
made of polymers that do not contain significant amounts of hydroxyl groups, the alkoxysilanes cannot be 
bonded to the fiber surface by the hydrolysis and subsequent condensation reactions. Thus the siloxane 

30 would be merely a topical treatment to these fibers. Several problems have been encountered in this 
approach. The surface-applied finish has a fugitive chloride counter ion which can easily exchange with 
organic phosphates and sulfonates; thus when the product is laundered the antimicrobial efficacy of the 
surface applied finish can be greatly reduced. Another significant problem is methanol release during the 
alkoxysilane bonding process, which can pose toxicity and potential flammability concerns. Finally, 

3S methoxysilyl compounds are incompatible with most aqueous, emulsion-based, textile finishes, which 
leads to undesirable, finish-application and durability problems. 

Summary of the invention 

It has now been discovered that certain types of acrylic polymers, fibers and fabrics have non-fugitive 

40 antimicrobial properties. In the present invention it was discovered that non-fugitive antimicrobial activity 
is imparted to acrylic polymers, fibers or fabrics made thereof, by copolymerization of an acrylic protonated 
amine comonomer and/or by use of protonated amine end groups. 

The protonated amine sites are part of the acrylic polymer chain and thus their durability in the final 
product is independent of end use properties, such as lifetime of the final product, wash-and-wear cycle 

45 frequency and degree of abrasion during normal usage. Furthermore, diffusible, toxic additives which may 
pose serious concern in certain end uses are not present. Since the antimicrobial agent is part of the 
polymer itself, toxic byproducts from spinning and fiber processing conditions do not occur. 

In addition, the protonated amines are distributed throughout the polymer and thus are present in all 
parts of the fiber and its surface. The equilibrium distribution of protonated amines is an inherent part of 

so the fiber. The finding of antimicrobial activity of the fiber itself is surprising in light of the fact, as set out in 
U.S. Patent 3,197,430, that fibers produced from acrylonitrile polymers were thought not to have the 
inherent ability to inhibit the growth of bacteria. The fiber of this invention is quite stable especially relative 
to the surface bound alkoxysilane quaternary amines which are readily deactivated by soap solutions. 
According to AT— B— 319 458 which relates to the preparation of polyacrylonitrile filaments of 

55 increased hot-wet modulus and whiteness by cross-linking the chains of polyacrylonitrile, one possibility of 
such a cross-linking structure selected from several compounds is the use of compounds containing 
protonated NH 2 groups, but the use of protonated amines as cross-linking agent is for increasing the hot- 
wet modulus. One cannot draw the conclusion that protonated amine groups as part of the chain 
(backbone) impart antimicrobial properties to the polymer. 

60 An essential prerequisite to antimicrobial action is effective contact between the chemical agent and 
the microorganism. Upon effective contact, the chemical agent interacts with some critical component of 
the microbial structure and/or metabolism. Specific modes of action of antimicrobial compounds are 
difficult to determine and are complicated by concentration, pH, temperature, solvent, electrolyte and 
phase separation effects. 

65 The term antimicrobial is used to describe reduction in the number of viable pathogenic or nuisance 
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causing (e.g., odor causing, biological or physical degradation causing) microorganisms. The term non- 
fugitive is used to describe the nature of the acrylic antimicrobial component, which, barring exposure of 
the acrylic polymer itself to severe conditions of hydrolysis or decomposition, cannot be eliminated from 
the fiber. 

These non-fugitive antimicrobial properties of this invention are ideal for reduction of disease causing 
microorganisms, protection against biological degradation, and are useful for odor reduction and mildew 
resistance, etc. 

Acrylonitrile polymers, fibers and fabrics with antimicrobial properties would be useful as 
antimicrobial air and water filters for isolation purposes, solution stabilizers and membranes for 
purification and concentration purposes, medical devices for disease prevention in bandages, wound 
dressings, wipes, tampons, sponges, gowns, drainage tubes, catheters, sutures, etc., hygiene products for 
odor reduction in diapers, sanitary napkins, socks, etc., industrial products for mildew resistant oaints. . 
antimicrobial packaging materials for increased fruit and vegetable shelf life and for many other uses 
where microorganisms are encountered. 
5 w Ac ! ditives mav also be used with tn ' s invention to impart additional antimicrobial or other hygienic, 
biological, or medical protection to acrylic polymers, fibers or fabrics in end uses where additional 
reduction in the number of viable pathogenic or nuisance causing microorganisms or elimination or 
deactivation of metabolic byproducts is desired. 

20 Polymer preparation method: 

One liter of demineralized water was added to a clean two liter water jacketed aluminum vessel. The 

water was blanketed with nitrogen gas and agitated between 50 and 150 revolutions per minute. The 

reaction temperature was set between 50°C and 60°C with heated water through the reaction vessel jacket. 

Individual monomers were weighed out in the desired amounts so the sum total of their weights was 400 
25 grams. If used, the amine monomer was added to the reaction vessel first, and then the pH was adjusted 

with 10% sulfuric acid to 3.0±0.5. The remaining monomers were carefully added to the reaction vessel. 
• The pH was checked again and adjusted if necessary. The temperature was checked and allowed to come 

back into limits before addition of the initiating agents. In the meantime, one of the following 

polymerization initiator solutions was prepared: 

30 

(la) 8 grams of 77 ppm ferrous ammonium sulfate solution 
20 grams of 11.5% hydrogen peroxide solution 
30 grams of 7% 1-thioglycerol solution 
(1b) 8 grams of 77 ppm ferrous ammonium sulfate solution 
35 20 grams of 11.5% hydrogen peroxide solution 

30 grams of 7% thiourea solution 
(2) 8 grams of 77 ppm ferrous ammonium sulfate solution 

30 grams of 20% sodium bisulfite solution 
20 grams of 4.5 potasium persulfate solution 
40 (3) 5 grams of 2,2'-azobis(2-amidinopropane) hydrochloride 

45 grams of demineralized water. 

The initiator solution was then added to the reaction vessel, and the ensuing reaction was watched 
closely. The agitator speed was slowly increased as the slurry began to thicken. Room temperature 
45 demineralized water was slowly added as the temperature began to rise. The reaction was run from the 
point of initiation for 60 minutes. If the slurry became too thick or the reaction temperature went too high, a 
small amount of slurry was drawn out and more room temperature demineralized water was slowly added. 

At the end of the reaction time one of the following polymer quench solutions was added to the 
reaction vessel: 

50 

(1) 10 grams of 8% ethylenediaminetetraacetic acid solution 
15 grams of 20% sodium bisulfite solution 

(2) 10 grams of 8% ethylenediaminetetraacetic acid solution 

(3) Cold water to reduce reaction temperature below 4E°C. 

55 

After the appropriate quench solution was added, the polymer slurry was stirred for 15 minutes. The 
slurry was drawn out of the reaction vessel by vacuum aspiration and filtered on a Buckner funnel. The 
polymer was then removed from the filter funnel, reslurried'/jrirorie liter of 80°C demineralized water, stirred 
for 10 minutes, and filtered. The reslurry filtration step was repeated twice. The polymer was then slurried 
so in reagent grade acetone, stirred 10 minutes, and filtered on a Buckner funnel. The washed polymer was 
then wrapped in cheese cloth, placed in a stainless steel pan and dried 16 to 24 hours in an air draft oven at 
65°C. 
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Fiber preparation 

Fibers were prepared by standard acrylic dry spinning techniques. The polymer was dissolved in 
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dimethylformamide up to a 23 to 33% solids level, heated to between 90 and 1 10°C, filtered, then heated to 
110 to 150°C and extruded through a 1400 hole spinneret at a spinning speed of 270 ypm. Nitrogen 
aspiration gas carried the solvent away as the individual filaments were formed. The fibers collected at the 
exit of the spinning cell had an as-spun denier per filament of 9.0. Residual solvent was extracted from the 

5 spun fiber in 90 to 100°C water as the fiber was drawn either 4.5x or 6.0x to yield drawn denier per 
filaments of 2.0 and 1.5 respectively. Standard textile fiber finish was applied using a roll applicator to 
reduce interfiber friction and provide lubricity during subsequent textile processing. The finish applied 
contained a cationic antistat rather than an anionic antistat, since the anionic antistat would react with the 
protonated amine. The drawn fiber was then mechanically crimped and collected at the exit end of a draw- 

to extraction machine. The mechanically crimped yarn was then dried in a dryer between 90 and 120°C to 
yield finel denier per filament of 3.0 and 2.2 respectively. 

Antimicrobial activity measurement procedures: 

The non-fugitive antimicrobial activity of polymers, fibers and fabrics were evaluated by the Shake 

rs Flask Test Procedure and the Parallel Streak Method. 

A. Shake Flask Test— In the Shake Flask Test procedure, 70 ml of sterile pH 7.2 potassium hydrogen 
phosphate buffer solution was added to sterile 250 ml Erlenmeyer flasks. Each flask was then inoculated 
with 5 ml of a bacterial inoculum to yield 1 0 4 colony forming units/ml solutions. The flasks were shaken well 
and time zero counts were made by removing 1 ml aliquots from each flask and making 1:10 and 1-100 

20 dilutions in phosphate buffer. Duplicate pour plates of the 1:100 dilution in tryptone glucose extract agar 
were prepared, incubated at 37X for 18 to 24 hours and counted. One gram of test polymer or fiber was 
aseptically added to each flask. One extra flask was prepared containing the bacterial inoculum but no test 
solution to ensure that the bacterial culture was viable in the test solution. The flasks were placed on a wrist 
action shaker and shaken for one to two hours. The one to two hour contact time counts were made by 

25 removing 1 ml aliquots from each flaskand making 1:10 and 1:100 dilutions in phosphate buffer. Duplicate 
pour plates of both dilutions were prepared in tryptone glucose extract agar, incubated at37°Cfor 18 to 24 
hours and the dilutions containing 30 to 300 counts were counted. The zero time counts and the one hour 
contact time counts were then corrected for their respective dilution factors, and 100 times the difference 
between the initial and final counts divided by the initial counts was the test item percent reduction. The 

30 shake flask procedure provided results on the relative bioactivities of various polymers, fibers and fabrics 
against a wide range of microorganisms. Results are given in Tables II— VI and VIII. The Shake Flask Test 
procedure is outlined in Malek, J. R. and Speier, J. L, The Journal of Coated Fabrics, Vol. 12, July, 1982, pp. 

B i ?? ra " el Streak Method— To confirm the non-fugitivity of the antimicrobial component, the Parallel 
35 Streak Method was employed. Sterilized agar growth medium was prepared and 15 ml poured into each 
100 mm diameter flat bottom petri dish. The agar was then allowed to firmly gel. A 1 ml sample of the 
desired test organism broth culture was transferred into 9 ml of sterile demineralized water and mixed by 
stirring with a 4 mm inoculating loop. One loopful of the diluted inoculum was transferred to a sterile agar 
plate by making five 7.5 cm long parallel streaks 1 cm apart in the center of the plate without refilling the 
40 loop, taking care not to break the agar surface. An oblong shaped test specimen was gently pressed 
transversely across the five inoculation streaks to insure intimate contact with the agar surface. The sample 
was then incubated for 18 to 24 hours at 37°C. The incubated plates were examined for interruption of 
growth along the streaks of inoculum underneath the sample and for a clear zone beyond the sample edge. 
The average width of the zone of inhibition around the test specimen was estimated with a ruler graduated 
45 m millimeters. Results are given in Table VII. This method is described in more detail in AATCC Test 
Method 147—1977. The polymeric acrylonitrile compositions are effective against the following 
microorganisms; gram-positive or gram-negative bacteria, fungi, yeasts, spore-forming bacteria, molds, 
staphylococcus, pseudomonas, streptococcus and bacillus. 
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TABLE I 

Amine containing acrylic monomers 
and initiating agents 



Monomers 

Dimethylaminoethylmethacrylate (DMAM) 

D i ethylam i noethy I meth acryl ate ( DE AM ) 

Tertiarybutylaminoethylmethacrylate (TBAM) 

Dimethylaminoneopentylacrylate (D MAN PA) 

2-Methyl-5-vinyl pyridine (MVP) 

Dimethylaminopropylmethacryloamide (DMAPMA) 

End groups 
Thiourea 

2-Amidinopropane hydrochloride 



M.W. 
g/mole 



157 
185 
185 
174 
119 
170 

76 
121 



25 Example 1 

• Polymer samples were prepared according to the method described above. Acrylonitrile (AN) and 
methylacrylate (MA) monomers were copolymerized with various protonated amine containing 
monomers. These polymers were then challenged against Klebsiella pneumoniae in the Shake Flask Test. 
Results from these experiments are given in Table II. This example shows that the copolymerization of 
30 protonated amine containing monomers in acrylic polymers imparts antimicrobial activity. 

TABLE II 



40 



SO 



Item 



Percent monomer 
by weight 



Polymerization 
initiator 



AN MA Amine 



(Name) 



Shake flask 
% reduction 
(Klebsiella) 



Quench 
system 



1 


2 


94 


6 


0 




40.0 


2 


2 


2 


90 


6 


4 


(DMAM) 


96.9 


2 


3 


2 


90 


6 


4 


(DEAM) 


99.7 


2 


4 


2 


90 


6 


4 


(TBAM) 


99.9 


2 


5 


2 


90 


6 


4 


(DM AN PA) 


95.0 


2 


6 


2 


90 


6 


4 


(MVP) 


74.3 


2 


7 


2 


90 


6 


4 


(DMAPMA) 


96.2 


2 



Example 2 . . - 

To determine the effects of protonated amine containing end groups on polymer bioactivtty, a range ot 
polymerization initiators were tested. Polymer samples were prepared according to the method descnbed 
and challenged against Klebsiella pneumoniae in the Shake Flask Test. Results from these experiments, 
given in Table III, show that protonated amine containing end groups impart bioactivity to acrylic polymers. 
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TABLE III 



Percent 
monomer 



5 





Polymerization 
initiator 


by weight 


Shake flask 
% reduction 
(Klebsiella) 


Quench 
mixture 




Item 


AN 


MA 


End group* 


8 


1a 


94 


6 


36.4 


1 


thioglycerol 


9 


1b 


94 


6 


96.1 


1 


thiourea 


10 


2 


94 


6 


40.0 


2 


sulfonate 


11 


3 


94 


6 


99.8 


3 


2-amidino- 
propane 



* Thiourea and 2-amidino-propane end groups contain protonated amines. Thioglycerol and sulfonate end 
groups do not contain protonated amines. 

20 

Example 3 

To determine the minimum copolymerized protonated amine level required to produce a bioactive 
polymer, a series of polymers were prepared according to the method described above and then 
challenged against Klebsiella pneumoniae in the Shake Flask Test Results from these experiments are 
25 given in Table IV. 



TABLE IV 



30 



35 



Percent monomer 



Item 


Polymerization 
initiator 


AN 


by weight 
MA 


DEAM 


Shake flask 
% reduction 
(Klebsiella) 


12 


1a 


94 


6 


0 


36.4 


13 


1a 


93.8 


6 


0.2 


77.4 


14 


1a 


93.5 


6 


0.5 


83.1 


15 


la 


93 


6 


1 


66.2 


16 


1a 


92 


6 


2 


98.7 


17 


1a 


90 


6 


4 


95.3 



Quench 
mixture 



Examples 4 — 7 

Examples 4, 5, 6, 7 include Items 18 and 19. As can be seen from Table V, Item 18 does not include any 
protonated amine, whereas Item 19 contains a protonated amine. 



so 



Example 4 

Polymers were prepared in a continuous overflow reaction and then spun into fibers according to the 
method described above. The bioactivity of the polymer and the fiber were determined in the Shake Flask 
Test against Klebsiella pneumoniae. Results of these experiments are given in Table V. These results 
55 demonstrate that bioactive polymer properties are retained when transformed into fiber. 
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TABLE V 



Polymerization 



Percent monomer 
by weight 



Shake flask 
% reduction 
(Klebsiella) 



Quench 



Item 


• initiator 


AN 


MA 


DEAM 


Polymer 


Fiber 


mixture 


18 


2 


94 


6 


0 


2.3 


3.4 


2 


19 


1a 


90.7 


6 


3.3 


98.8 


99.9 


1 



/5 



35 



Example 5 

Fiber samples were prepared according to the method described above and were challenged against a 
wide range of microorganisms in the Shake Flask Test. Results of these experiments are given in Table VI. 
These results demonstrate that fibers made from protonated amine containing acrylic polymers have a 
high level of bioactivity against a wide range of microorganisms. 



TABLE VI 



Microorganism 

A. niger (mold) 

S. cerevisiae (yeast) 

Cladosporium sp. (mildew) 

Bacterial inoculum 

K. pneumoniae (Klebsiella) 

E. coli 

E. agglomerans 

S. aureus 

S. epidermidis 

B. subtilis 

P. aeruginosa 



Shake flask % reduction 



Item 18 



19.7 
33.1 
20.1 

14.5 
8.2 
32.0 
23.1 
25.1 
49.4 
54.0 



Item 19 



62.5 
74.4 
60.7 

99.9 
99.9 
99.9 
99.9 
99.9 
85.3 
99.0 



Example 6 

Fiber samples were prepared according to the method described above and challenged against 
Klebsiella pneumoniae in the Parallel Streak Method, to confirm the nonfugitivity of amine containing 
acrylic fibers. Results from these experiments are given in Table VII. 

TABLE VII 
Parallel streak method 



Growth inhibition (Klebsiella) 



Item 



Below sample Zone around sample (mm) 



18 
19 



None 
Complete 
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Example 7 

Fiber samples prepared by the method described above were fabricated into nonwoven products and 
challenged against Klebsiella in the Shake Flask Test. Results from these experiments are given in Table 
VIII. These results demonstrate that the high level non-fugitive bioactivity found in protonated amine 
containing acrylic fibers is maintained in nonwoven fabrics. 

TABLE VIII 

Shake flask % reduction 
(Klebsiella) 



Item 18 Item 19 

Fabric 

Hydraulically needled 38.5 99.9 

Thermally bonded (25% polyester binder) 44.3 99.9 



20 



Claims 
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35 



1. A method for imparting non-fugitive antimicrobial activity, effective in reducing viable 
microorganisms, exhibiting a shake flask percent reduction of Klebsiella of 70 to 100% to an article of 
manufacture comprising the steps of forming said article of manufacture from a polymeric acrylonitrile 
composition of: 1-770 

a. at least 85% by weight acrylonitrile, 

b. up to about 13% by weight of a neutral ethylenically unsaturated monomer, and 

c. from about 0.1 to 10% by weight of a protonated amine containing compound, 
where said antimicrobial activity is inherent due to protonated amine sites as part of the acrylonitrile 
polymer chain. ' 

2. The method of claim 1 wherein the protonated amine containing compound is a protonated amine 
containing comonomer. 

3. The method of claim 1 wherein the protonated amine containing compound is a protonated amine 
containing polymer end group. 

4. The method of claim 2 wherein the protonated amine containing comonomer is an acrylic monomer 
selected from the group consisting of 

dimethylaminoethylrnethacrylate (DM AM), 
diethylaminoethylmethacryiate (DEAM), 
40 tertiarybutylaminoethylmethacrylate (TBAM), 

dimethylaminoneopentyl acrylate (DMANPA), 
2-methyl-5-vinyl pyridine (MVP), and 
dimethylaminopropylmethacryloamide (DMAPMA). 

5. The method of claim 3 wherein the protonated amine containing polymer end group is an amidino 
45 group, connected to the polymer backbone, selected from the group consisting of thiourea and 2- 

amidinopropane hydrochloride. 

6. The method of claim 2 or 3 wherein the microorganisms are gram-positive or gram-negative 

7. The method of claim 2 or 3 wherein the microorganisms are fungi. 
so 8. The method of claim 2 or 3 wherein the microorganisms are yeasts. 

9. The method of claim 2 or 3 wherein the microorganisms are spore-forming bacteria. 

10. The method of claim 2 or 3 wherein the microorganisms are molds. 

11. The method of claim 2 or 3 wherein the microorganisms are staphylococcus. 

12. The method of claim 2 or 3 wherein the microorganisms are pseudomonas. 
55 13. The method of claim 2 or 3 wherein the microorganisms are streptococcus. 

14. The method of claim 2 or 3 wherein the microorganisms are bacillus. 

15. The method of claim 2 or 3 wherein the article is a filter that would come in contact with the 
microorganisms. 

16. The method of claim 2 or 3 wherein the article is a medical device that would come in contact with 
eo biological fluids. 

17. The method of claim 2 or 3 wherein the article is a container for packaging food. 

18. The method of claim 2 or 3 wherein the shake flask percentage reduction of Klebsiella is 
99.9 — 100%, 

19. The method of claim 2 or 3 wherein the acrylonitrile composition is a fiber, having a finish 
ss containing cationic antistat applied thereto. 
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Patentanspruche 

1. Verfahren, einem Fabrikationsgegenstand eine nichtfliichtige, antimikrobielle Aktivitatzu verleihen, 
das die lebensfahigen Mikroorganismen wirksam vermindert und bei Klebsiella in derSchuttelflasche eine 

5 70- bis 100%ige Reduktion herbeifuhrt, welches als Schrin die Bildung des Fabrikationsgegenstands aus 
einer polymeren Acrylnitrilzusammensetzung aus 

a. wenigstens 85 Gew.-% Acrylnitril, 

b. bis zu etwa 13 Gew.-% eines neutralen, ethyienisch ungesSttigten Monomers und 

c. etwa 0,1 bis 10 Gew,-% einer protonierten aminhaltigen Verbindung, 

io umfasst, wobei die antimikrobielle Aktivitat aufgrund der protonierten Aminstellen als Teil der 
Acrylnitrilpolymerkette inharent vorhanden ist. 

2. Verfahren nach Anspruch 1, worin die das protonierte Amin enthaltende Verbindung ein ein 
protoniertes Amin enthaltendes Comonomer ist. 

3. Verfahren nach Anspruch 1, worin die das protonierte Amin enthaltende Verbindung eine ein 
IS protoniertes Amin enthaltende polymere Endgruppe ist. 

4. Verfah ren nach Anspruch 2, worin das das protonierte Amin enthaltende Comonomer ein aus der 
aus Dimethylaminoethylmethacrylat (DMAM), diethylaminoethylmethacrylat (DEAM), t- 
Butylaminoethylmethacrylat (TBAM), dimethylaminoneopentylacrylat (DMANPA), 2-Methyl-5- 
vinylpyridine (MVP) und dimethylaminopropylmethacryloamid (DMAPMA) bestehenden Gruppe 

20 ausgewahltes Acrylmonomer ist. 

5. Verfahren nach Anspruch 3, worin die das protonierte Amin enthaltende polymere Endgruppe eine 
mit dem Polymergeriist verbundene Amidinogruppe, ausgewahlt aus der aus Thioharnstoff und 2- 
Amidinopropan-hydrochlorid bestehenden Gruppe, ist. 

6. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen gram-positive oder gram-negative 
25 Bakterien sind. 

7. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Pilze sind. 

8. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Hefen sind. 

9. Verfahren nach Anpsruch 2 oder 3, worin die Mikroorganismen sporenbildende Bakterien sind. 

10. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Schimmelpilze sind, 
30 11. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Staphylokokken sind. 

12. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Pseudomonen sind. 

13. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Streptokokken sind. 

14. Verfahren nach Anspruch 2 oder 3, worin die Mikroorganismen Bazillen sind. 

15. Verfahren nach Anspruch 2 oder 3, worin der Gegenstand ein Filter ist, der mit Mikroorganismen in 
35 Beruhrung kommt. 

16. Verfahren nach Anspruch 2 oder 3, worin der Gegenstand eine medizinische Vorrichtung ist, der 
mit biologischen FIQssigkeiten in Beruhrung kommt. 

17. Verfahren nach Anspruch 2 oder 3, worin der Gegenstand ein Behalter zum Verpacken von 
Lebensmitteln ist. 

40 18. Verfahren nach Anspruch 2 oder 3, worin die prozentuale Reduktion von Klebsiella in der 

Schtittelflasche 99,9 bis 100% betragt. 

19. Verfahren nach Anspruch 2 oder 3, worin die Acrylnitrilzusammensetzung eine Faser mit einer 
Appretur ist, die ein darauf angewandtes kationisches Antistatikmittel enthalt. 

45 Revendications 

1 . Un procede pour conferer a un article manufacture une activite antimicrobienne persistante, efficace 
pour reduire des micro-organismes viables, presentant un pourcentage de reduction de Klebsiella de 70 a 
100% dans I'essai en fiole secouee, comprenant ies etapes de formation dudit article manufacture a partir 

so d'une composition polymere a base d'acrylonitrile constitute de: 

a. au moins 85% en poids d'acrylonitrile, 

b. au plus environ 13% en poids d'un monomere n autre ethyleniquement insature, et 

c. environ 0,1 a 10% en poids d'un compose a fonction amine protonee, 

ou ladite activite antimicrobienne est intrinseque du fait que des sites aminos protones font partie de la 
55 chaTne de polymere d'acrylonitrile. 

2. Le procede de la revendication 1, dans lequel le compose a fonction amine protonee est un 
comonomere a fonction amine protonee. 

3. Le proced£ de la revendication 1, dans lequel le compose a fonction amine protonee est un groupe 
terminal de polymere a fonction amine protonee. 

6o 4. Le procede de la revendication 2, dans lequel le comonomere a fonction amine protonee est un 
monomere acrylique choisi dans le groupe forme par 

le methacrylate de dimethylaminoethyle (MDMA), 

le methacrylate de diethylaminoethyle (MDEA), 

le methacrylate de tertlobutylaminoethyle (MTBA), 
65 I'acrylate de dimethylaminoneopentyle (ADMANP), 
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la 2-methyl-5-vinylpyridine (MVP), et 

le dimethylaminopropylmethacrylamide (DMAPMA). 

5. Le precede de la revendication 3, dans lequel le groupe terminal de polymere a fonction amine 
protonee est un groupe amidino, relie au squelette du polymere, choisi dans le groupe forme par la 

s thiouree et le chlorhydrate de 2-amidinopropane. 

6. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des bacteries Gram- 
positives ou Gram-negatives. 

7. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des champignons. 

8. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des levures. 

to 9. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des bacteries 
sporogenes. 

10. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des moisissures. 

1 1. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des staphylocoques. 

12. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des Pseudomonas. 
is 13. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des streptocoques. 

14. Le procede de la revendication 2 ou 3, dans lequel les micro-organismes sont des bacilles. 

15. Le procede de la revendication 2 ou 3, dans lequel I'article est un filtre qui doit entrer en contact 
avec les micro-organismes. 

16. Le procede de la revendication 2 ou 3, dans lequel I'article est un dispositif medical qui doit entrer 
20 en contact avec des fluides biologiques. 

17. Le procede de la revendication 2 ou 3, dans lequel rarticle est un recipient pour emballer un produit 
alimentaire. 

18. Le procede de la revendication 2 ou 3, dans lequel le pourcentage de reduction de Klebsiella dans 
I'essai en fiole secouee est de 99,9 a 100%. 

25 19. Le procede de la revendication 2 ou 3, dans lequel la composition a base d'acrylonitrile est une fibre 
a laquelle est applique on appret contenant un agent antistatique cationique. 
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